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Abstract 
We have studied a method of non-contact ultrasonic inspection that uses high-intensity aerial ultrasonic waves 
and optical equipment. Specially, the object is excited in noncontact way using high-intensity aerial ultrasonic 
waves and the vibration velocity on the object surface is measured with a laser Doppler vibrometer (LDV). We 
analysis the vibration information on the surface of the object with the defect area and image the defect shape in 
materials. In this paper, it was examined to detect the defect in mortal by proposed method. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction  
Recently, a contactless inspection using aerial ultrasonic wave improved for imaging internal defects in solid 
materials such as metals, pipe walls, and fiber-reinforced plastics, Watanabe et al. [1], Takahashi et al.[2], Nishino et 
al. [3],  Sugimoto et al.[4,5] 
We have developed a method of aerial ultrasonic inspection that uses high-intensity aerial ultrasonic waves and 
optical equipment, Osumi et al.[6,7] This method detects solid material defects by analyzing vibrations on the 
surface of the object which is excited using high-intensity aerial ultrasonic waves. 
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In this report, we attempted to use a proposed method to detect internal defects in mortal by analyzing from the 
vibration information of an object excited with high-intensity aerial ultrasonic waves. 
2. Experiment  
2.1. Measurement principle 
Figure 1 shows a schematic view of the measurement principle. As shown in Fig. 1, force acting on the surface of 
an object over an internal defect in deformations more pronounced than those over a defect-free area. If a point force 
is applied each measurement point on the surface of object, the vibration velocity at the point varies depending on 
whether defects are present. Therefore, we consider to be possible to image the defect by vibration information 
when above method examined over whole measurement area. In addition, the phase difference information of 
vibration is also used to image the defect because the information of vibration velocity is difficult at each point on 
the surface of object depend on the boundary conditions of the defect area and defect-free area. 
In this report, we realized the above proposed method in noncontact and nondestructive way by Laser Doppler 
vibrometer (LDV) and high-intensity ultrasonic irradiation. 
2.2. Experimental device and method 
Figure 2 shows a schematic view of the experimental device. The experimental device consists of a point 
converged ultrasonic sound source and optical equipment (LDV; Ono Sokki, LV1620). A point-converging acoustic 
source with a stripe-mode vibration plate (frequency: 26.8 kHz) is used to generate high-intensity aerial ultrasonic 
waves, Ito.[8] 
The convergence point O is on the y-axis, which runs through the center of the vibration plate, approximately 
320 mm from its edge. In the experiment, the measurement point on the surface of the sample is set to coincide with 
the convergence point O of the radiated ultrasonic waves. The sample was continuously irradiated with ultrasonic 
waves, and the vibration velocity on the surface of sample was measured with a LDV (Ono Sokki: LV1620) located 
behind an acoustic source. In this measurement, the laser beam gets through the acryl pipe in the experimental 
device because sound waves from the vibration plate have the potential to affect the LDV laser (in Fig. 2). The 
frequency of the measured vibration velocity is analyzed using a fast Fourier transform spectrum analyzer, data 
logger, and PC. In addition, the phase difference of vibration is obtained by oscilloscope that compares with 
vibration wave form is measured by LDV and reference wave form from the oscillator. 
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Figure 1 Measurement principle                                   Figure 2 Experimental device 
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2.3. Characteristics of sound source 
Figure 3 shows the distribution of sound pressure around the convergence point. The sound pressure was 
measured with a 1/8-inch (3.175 mm) condenser microphone (GRAS, 40DP) scanned over the measurement area 
(60 × 60 mm) in 1 mm steps. The sound wave converge within a 20 mm diameter circular section, 
Figure 4 shows the characteristics of sound pressure at the convergence point. In the figure, the sound pressure is 
about 6800 Pa at an input power of 20 W. 
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Figure 3 Sound pressure distribution                            Figure 4 Sound pressure at the converged point 
                around converged point 
3. Samples detail 
We prepared a 30 mm thick mortal sample with dimensions of 150 × 150 mm by installing a 5 mm thick 
polystyrene sheet with 60 × 60 mm as the defect. The sample has defect that its depth is 2 mm from the sample 
surface. The measurement area is 100 × 100 mm, measured at 2-mm intervals. 
4. Results 
We attempted to detect defects in each sample. In this experiment, defect position varied depth in each sample. In 
experiment, electric input power is 10 W constant. 
Figure 5 shows the result of the vibration velocity on the sample. As a result, it is obviously imaged the defect 
shape to measure the vibration velocity on the sample. In addition, it was generated the vibration mode depending 
on the boundary conditions of the defect area and defect-free area. 
Figure 6 shows the result of the phase difference of vibration velocity on the sample. As a result, it is also imaged 
the defect shape to measure the phase of vibration velocity on the sample. In addition, it may be possible to image 
defect more clearly to compare with above the both results. 
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Figure 5 Vibration velocity distribution                     Figure 6 Phase difference of vibration velocity distribution 
on the surface of sample                                                         on the surface of sample 
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5. Conclusions 
We attempted to defect the defect in mortal by proposed method that uses high-intensity aerial ultrasonic waves 
and optical equipment. As these results, in the defect area, the vibration velocity in the defect area is therefore larger 
than that in defect-free areas. In addition, in the defect area, the vibration mode was generated on the sample surface 
depending on the boundary conditions of the defect area and defect-free area. Therefore, it was able to detect the 
defect area by measuring the vibration velocity distribution and phase of that of the sample.  
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